Aims: Gestational diabetes mellitus (GDM) is a major risk factor for type 2 diabetes. The incidence of both GDM and type 2 diabetes is exceedingly high in South Asian populations. However, the risk of type 2 diabetes after GDM in South Asian women in the United States is unknown.
| INTRODUCTION
Gestational diabetes mellitus (GDM) affects approximately 8% of pregnancies in the United States, and its incidence is increasing. 1 The prevalence of GDM has been observed to be much higher in certain racial and ethnic minority populations, 1, 2 where it can reach up to 14%. As the population of the United States continues to become more racially and ethnically diverse, awareness of this increased risk is highly relevant. 3 South Asians are at particularly high risk for this complication of pregnancy, despite relatively low body mass index (BMI) and independent of other important risk factors such as maternal age. 4, 5 The GDM is a well-established and major risk factor for the subsequent development of type 2 diabetes. Women with a pregnancy complicated by GDM have a 7-fold increased risk of developing type 2 diabetes. 6 This risk is affected by underlying and persistent insulin resistance after GDM 7 and by factors such as obesity, a sedentary lifestyle, and poor nutrition. South Asians in the United States are at higher risk for type 2 diabetes than many other racial or ethnic groups 8 and have unique risks for type 2 diabetes that are both intrinsic and
environmental. In the Mediators of Atherosclerosis in South Asians
Living in America (MASALA) study, the adjusted diabetes prevalence in South Asian women in the United States was 22%. 8 The elevated risk of GDM among South Asian women compounds their preexisting increased risk for type 2 diabetes; however, the extent of this excess risk in the United States is unknown. 9 In this investigation, we aimed to be the first to characterize the prevalence of type 2 diabetes in women with a previous pregnancy complicated by GDM in MASALA, a cohort of South Asians in the United States.
We conducted a cross-sectional investigation of 906 South Asians who participated in the MASALA community-based cohort study.
The detailed methods have been described elsewhere. 8 Briefly,
MASALA is a prospective cohort study in which we enrolled commu- 10 We previously determined prevalent dietary patterns using principal components analysis. 11 Intentional exercise in metabolic equivalent task-minutes per week was assessed with the use of the Typical Week's Physical Activity Questionnaire. 
| Statistical analyses
Basic demographic and metabolic characteristics at baseline were compared between women with a self-reported history of GDM and those without a history of GDM. We used independent t tests, Wilcoxon Rank Sum, Fisher exact tests, and chi-square measures to compare baseline characteristics of women with a reported history of GDM and those without. Separate multivariate logistic regression models were used to assess the association between prevalent type 2 diabetes (outcome) and a self-reported history of GDM (exposure).
Variables that were found to be significant at a probability value of 
| RESULTS
A total of 414 women in the MASALA cohort had available data on GDM history. Among the women analyzed, 9.7% self-reported a history of GDM. Although women with a history of GDM were significantly younger than women without GDM, women with a history of GDM had a higher prevalence of type 2 diabetes, mean diastolic blood pressure, and self-reported weight at age 20 and 40 years. Women with a history of GDM were also indistinguishable from their non-GDM counterparts in BMI, waist circumference, cholesterol levels, physical activity, dietary patterns, family income, and education levels (Table 1) .
In unadjusted models, women with GDM had increased odds of having type 2 diabetes compared with women without GDM (OR women with a history of GDM in all models (P < .01). We found no association between a history of GDM and subsequent prediabetes or homeostatic model assessment-insulin resistance ( Table 2) . As a sensitivity analysis, we restricted the cohort to women who had ever had a pregnancy (excluding n = 25 women), and the results were not significantly different.
| DISCUSSION
In the MASALA cohort, South Asian women in the United States with a self-reported history of past GDM had higher diastolic blood pressure and self-reported weight at age 20 and 40 years. Women with a history of GDM were found to have a 3-fold increased risk of prevalent type 2 diabetes. This association persisted after adjustment for known diabetes risk factors, as well as age and weight at age 40 years, which were found to be significant confounders.
Gestational diabetes mellitus is a major risk factor for the subse- In a systematic review of 20 cohort studies investigating type 2 diabetes after a pregnancy complicated by GDM, Bellamy et al found over a 7-fold increased risk of type 2 diabetes in women with a history of GDM compared with women with a prior normoglycemic pregnancy. 6 While we found that the risk of type 2 diabetes in this South Asian cohort is 3-fold higher in women with a history of GDM in comparison to women with normoglycemic pregnancies, our findings exhibit lower than expected odds of type 2 diabetes after reported GDM in this cross-sectional study in a high-risk population.
The prevalence of type 2 diabetes in this population, however, remains exceedingly high. There are similar findings in a prior study comparing progression from GDM to type 2 diabetes in White, Chinese, and South Asian women living in Canada. 9 In this investigation, nearly one-third of South Asian women developed type 2 diabetes in the 10 years after an affected pregnancy, with an OR of 9.6 for the progression to type 2 diabetes after GDM. Despite the high odds, the impact of a positive GDM history was less strong than that observed for non-Hispanic White women, whose odds of progression to type 2 diabetes after a history of GDM 9 was 13.6. A small UK study showed similar trends in progression among South Asians. 19 Modifiable factors contribute significantly to risk for both GDM and type 2 diabetes and may play a key role in their prevention. The
Indian Diabetes Prevention Program showed that either intensive diet and lifestyle intervention or metformin reduces the incidence of type 2 diabetes in individuals at high risk. 20 Dietary patterns have strong associations with GDM 21, 22 and type 2 diabetes risk after GDM. 23, 24 Previously characterized dietary patterns in participants of the MASALA cohort 11 were not significantly different between those with and without a history of GDM, and adjustment for caloric intake only strengthened the odds of progression to type 2 diabetes after GDM.
Maternal pre-pregnancy BMI and abdominal adiposity have been shown to contribute to risk for GDM. 25, 26 Similarly, BMI and weight change after a pregnancy complicated by GDM are strongly tied to subsequent type 2 diabetes risk. 6, 27, 28 In our analysis, the relationship between history of GDM and development of type 2 diabetes may be affected by several patient and study-level factors and limitations. In this cohort, history of GDM was elicited through self-report and was not able to be validated the incidence of type 2 diabetes over 10 years after an affected pregnancy. 32 This highlights the modifiability of type 2 diabetes risk even after a diagnosis of GDM and the prominent role of early postpartum screening and lifestyle alterations to reduce or delay its incidence in South Asian women.
In conclusion, the incidence of type 2 diabetes after GDM in South Asian women living in the United States is significantly higher than for those women without a history of GDM. Attention to this important risk factor in the growing population of South Asians in the United
States is critical to aid in efforts at prevention of type 2 diabetes.
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